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We present some results of the calculation of MSSM one-loop contributions to 
strong tt production in hadronic collisions. Here we concentrate on the MSSM 
electroweak-like 0(a) and SQCD 0(a s ) corrections to the main production mech- 
anism at the Fermilab Tevatron pp collider, qq — > g — > tt. We give results for the 
total tt production rate and for parity violating asymmetries in the production of 
left and right handed top quark pairs. 



1 Introduction 

The potential of future hadron colliders to perform precision measurements 
of top quark observables cl is the motivation for an ongoing study on loop, 
effects in strongJi production within the Electroweak Standard Model (SM)BB 
and beyond qoji3. While the SM electroweak (EW) corrections have only 
marginal effects on tt observables such as the total tt production rate o~(S), 
the invariant tt mass distribution da /dM t i and parity violating asymmetries 
Alr, in the production of left and right handed top quark pairs, there is the 
possibility of considerable enhancements within supersymmetric models. The 
ongoing study of radiative corrections to these observables within the Minimal 
Supersymmetric extension of the SM (MSSM) reveals promisingly large effects 
at both the upgraded Tevatron and the LHC. At the LHC, for instance, the 
MSSM EW-like corrections typically diminish the leading order production 
cross section as by ~ 10%, they can significantly distort da/dM t i and they 
induce asymmetries of Alr ~ 3%. In this contribution we will concentrate on 
combining the MSSM EW-like 0{a) and SQCD 0{a a ) corrections to the main 
production mechanism at the Fermilab Tevatron pp collider, qq — > g — > tt. We 
will present first results for a(VS — 2 TeV) and Alr- 

2 Loop-induced SUSY effects in pp,pp — > ttX 

At the parton level, the next-to-leading order differential cross sections for 
polarized tt production via the qq annihilation and gluon fusion subprocesses 
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are obtained by contracting the corresponding matrix elements describing the 
loop contributions 5M.i{i = qq,gg)aO with the Born matrix elements A4 B 



d&i(i,s,Xt,Xi) fit 



dcoa ( 



32tts ^ 



M B | 2 +2Ke 2_^(SM l x Mb) + higher order, 

(1) 

where fit is the top quark velocity and \ t j denote the t(t) helicity states. 
s,t are Mandelstam variables and 6 is the scattering angle of the top quark 
in the parton CMS. 8M qq - comprises the EW(-like) O(o) and SQCD 0(a s ) 
corrections. So far we only included EW(-like) corrections to the gluon fusion 
subprocess described by 5A4 gg ; the SQCD calculation is work in progress 
Wcl studied the effects of EW(-like) corrections on unpolarized tt observables 
inBEHa. Parity violating effects in the production of left and right handed 
top quark P|aiis. which are loop induced through EW(-like) interactions are 
discussed inQ£n3. In the following calculation of the SQCD 0(a s ) corrections 
we will closely follow the notation ofoa and refer to it for more details. 



2.1 SQCD 0(a s ) corrections to qq — > g — > tt 

In Fig. H we display the Feynman diagrams contributing to the SQCD 0(a 
corrections to gg_— -> g — > tt. The corresponding contribution to da q q of Eq. 
reads [z = cos0)tl 



i 



2Ke J2( SM «? CD x M T) 
2tt 



I m b I 2 ( F v( § > m i) + F v( s > m t) + n(s)) + 



Alice* 

-j^Ke (A 2 (l - z 2 ){l + 4X t Xt)F M (s,m t ) + 2(X t - A f ) [2zG A {s,m q ) + 
/3 t (l + z 2 )G^(J,m t )]) + ^^^ e (^(-l)^ J B t -^ tl ) (s,t) , (2) 

where the vertex corrections are parametrized in terms of UV finite form factors 
Fv,Fm and Ga, ft(s) = II(s) — 11(0) denotes the subtracted gluon vacuum 
polarization and B t and B u , respectively, parametrize the t and u channel box 
contributions. Their explicit expressions will be provided intl In Fig. |2|(a) we 
show separately their numerical impact on the total tt production rate. We 
observe large cancellations between the vertex and box contributions Fl 

ft Sincc wc differ fromE in the overall sign of the box diagrams we feel a brief explanation is 
in order: to determine the relative sign between the t and umhannel box diagram (as well as 
between box and Born contribution) we apply the rules of H. Fixing the reference order as 
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Figure 1: The Feynman diagrams to the SQCD 0(a a ) contribution to qq — * g — * tt. 
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Figure 2: (a) The different contributions to the SQCD 0(ce B ) correction in dependence of a 
common squark mass with rrig = 200 GeV. (b) A in dependence of rrig for different choices 
of "ij 2 , and <J>j (with mt = 174 GeV). 



2.2 Loop-induced EW-like and SQCD effects in pp — * ttX at the Tevatron 

The hadronic cross section <J\ t ,\ { (S) to polarized tt production is obtained by 
convoluting &i of Eq. ^ with the corresponding parton distribution functions. 
We introduce a relative correction A = ct/ctb — 1 (with a = ^2x t \- a ^t,>>f) 
which reveals the numerical impact of the radiative corrections on the to- 
tal tt production rate. In Fig. ||(b) we show A in dependence of the gluino 
mass nig for different choices of the light stop quark mass rrij 9 , the sbottom 
quark mass and the stop mixing angle While the MSSM EW-like 
corrections are only of the order of a few % lapart from the threshold region 
m t ~ rrij: 2 + M^o where they can reach 30%) □ the SQCD one-loop corrections 
can considerably diminish/enhance o~b when the gluino is not too heavy. We 

ttqq and choosing the fermion flow as indicated in Fig. |l| we only need to assign an additional 
minus sign to the t channel box contribution. 



3 





0.7;pi/4;150 — 




0.7;0;1000 


- SM 


50;pi/2;150 




50;pi/4;1000 








(a) - 



100 200 300 400 500 600 700 800 
M_A , GeV 



0.7;pi/4;150 
0.7;0;1000 
50;pi/2;150 

50;pi/4;1000 



100 200 300 400 500 600 700 800 
M A , GeV 



Figure 3: (a) A and (b) Alr including the combined EW-like 0(a) and SQCD 0(a 3 ) 
corrections in dependence of M A o for different choices of tan /3, <E>£ and (with rrit = 174 
GeV and m i<2 = 90 GeV, ii = -120 GeV, M 2 = 3\[m\, m- g = 150 GeV). 



now combine the MSSM EW-like corrections of □ with the SQCD corrections 
of Sec. |2.1| . The resulting relative correction A and integrated left-right asym- 
metry Alr = [cA t =+i/2,A t -=-i/2 - <T-+]/[<t+- + cr-+], respectively, are shown 
in Fig. |^(a) and (b) for different choices of the MSSM input parameters. For 
comparison we also display the SM results when varying the SM Higgs boson 
mass. The SQCD 0{a s ) contribution induces parity violating asymmetries 
when the squarks are non-degenerate in mass (and <£>( ^ 7r/4) . Then the 
asymmetries induced by EW(-like) corrections can be considerably enhanced 
and are possibly observable^] at the upgraded Tevatron with C = 10fb _1 . 
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